Three substituted (Z)-5-benzylidene-2-thioxothiazolidin-4-ones: hydrogenbonded dimers that can be effectively isolated or linked into chains either by aromatic p±p stacking interactions or by dipolar carbonyl±carbonyl interactions In each of the isomeric compounds (Z)-5-(2-¯uorobenzyl-idene)-2-thioxothiazolidin-4-one, C 10 H 6 FNOS 2 , (I), and (Z)-5-(4-¯uorobenzylidene)-2-thioxothiazolidin-4-one, C 10 H 6 FN-OS 2 , (II), there is a very wide CÐCÐC angle (ca 130 ) at the methine C atom linking the two rings. In each isomer, paired NÐHÁ Á ÁO hydrogen bonds link the molecules into centrosymmetric R 2 2 (8) dimers; the hydrogen-bonded dimers are linked into chains by an aromatic %±% stacking interaction in isomer (I) and by an antiparallel dipolar carbonyl±carbonyl interaction in isomer (II). (Z)-5-(3,4,5-Trimethoxybenzylidene)-2-thioxothiazolidin-4-one, C 13 H 13 NO 4 S 2 , (III), which crystallizes with Z H = 2 in the space group P1, shows the same very wide angle at the bridging methine C atom; the two independent molecules are linked into an isolated dimer having no crystallographic symmetry.
In each of the isomeric compounds (Z)-5-(2-¯uorobenzyl-idene)-2-thioxothiazolidin-4-one, C 10 H 6 FNOS 2 , (I), and (Z)-5-(4-¯uorobenzylidene)-2-thioxothiazolidin-4-one, C 10 H 6 FN-OS 2 , (II), there is a very wide CÐCÐC angle (ca 130 ) at the methine C atom linking the two rings. In each isomer, paired NÐHÁ Á ÁO hydrogen bonds link the molecules into centrosymmetric R 2 2 (8) dimers; the hydrogen-bonded dimers are linked into chains by an aromatic %±% stacking interaction in isomer (I) and by an antiparallel dipolar carbonyl±carbonyl interaction in isomer (II). (Z)-5-(3,4,5-Trimethoxybenzylidene)-2-thioxothiazolidin-4-one, C 13 H 13 NO 4 S 2 , (III), which crystallizes with Z H = 2 in the space group P1, shows the same very wide angle at the bridging methine C atom; the two independent molecules are linked into an isolated dimer having no crystallographic symmetry.
Comment
We report here the structures of three substituted (Z)-5-benzylidene-2-thioxothiazolidin-4-ones, namely two isomers of (Z)-5-(¯uorobenzylidene)-2-thioxothiazolidin-4-one, (I) and (II) (Figs. 1 and 2), and (Z)-5-(3,4,5-trimethoxybenzylidene)-2-thioxothiazolidin-4-one, (III) (Fig. 3) , and we brie¯y compare these with the structures of the four analogues (IV)± (VII) (see scheme), which have been reported recently (Delgado et al., 2005) . As for compounds (IV)±(VII), compounds (I)±(III) have been prepared by condensation of 2-thioxothiazolidin-4-one (rhodanine) with a substituted benzaldehyde using microwave radiation in a solvent-free system.
The molecules of compounds (I)±(III) are all effectively planar, as shown by the values of the Cx5ÐCx57ÐCx51Ð Cx52 torsion angle, where x is nil for compounds (I) and (II), and x = 1 or 2, respectively, for the two independent molecules in compound (III) ( Table 1) ; this angle de®nes the rotation of the aryl ring relative to the rest of the molecule. In each isomer, the Cx5ÐCx57ÐCx51 angle is very large, ca 130 , and these angles, together with the exocyclic angles at Cx5 and Cx51, are consistent with the occurrence of a repulsive intramolecular interaction between atoms Sx1 and Hx56 (Table 2) . This behaviour closely mimics that in the analogues (IV)± organic compounds o382 # 2006 International Union of Crystallography (VII). In each of the molecules in (III), the methoxy groups at Cx53 and Cx55 have their C atoms almost coplanar with the adjacent aryl rings (Table 1) , but those at Cx54 have the C atoms well removed from this plane for steric reasons.
The supramolecular structures of compounds (I)±(III) are very simple. In the isomers (I) and (II), the molecules are linked by paired NÐHÁ Á ÁO hydrogen bonds (Table 2) into centrosymmetric R 2 2 (8) (Bernstein et al., 1995) dimers; in each isomer, the asymmetric unit was selected such that the dimer containing the reference molecule is centred at ( (Figs. 4  and 5 ). The structures of (I) and (II) differ, however, in the manner in which the hydrogen-bonded dimers are linked into chains. In (III), the two independent molecules are again linked into a dimer but this does not exhibit even approximate centrosymmetry. There are no direction-speci®c interactions between the dimeric units in (III).
The hydrogen-bonded dimers in (I) are linked by an aromatic %±% stacking interaction. The aryl rings in the molecules at (x, y, z) and (2 À x, Ày, 1 À z), which lie, respectively, in the R In (II), the hydrogen-bonded dimers are linked by an antiparallel carbonyl±carbonyl interaction, which is centrosymmetric. The molecules at (x, y, z) and (Àx, 1 À y, 1 À z) are components of the dimers centred at ( Figure 3
The two independent molecules of (III), showing the atom-labelling scheme and the NÐHÁ Á ÁO hydrogen bonds (dashed lines). Displacement ellipsoids are drawn at the 30% probability level.
Figure 4
Part of the crystal structure of (I), showing the formation of a centrosymmetric hydrogen-bonded dimer. For the sake of clarity, H atoms bonded to C atoms have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (1 À x, 1 À y, 1 À z).
Figure 5
Part of the crystal structure of (II), showing the formation of a centrosymmetric hydrogen-bonded dimer. For the sake of clarity, H atoms bonded to C atoms have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (1 À x, 1 À y, 1 À z).
(2)
[symmetry code: (ii) Àx, Ày + 1, Àz + 1], producing a slightly sheared interaction of type II (Allen et al., 1998) , which links the dimers into chains running parallel to the [100] direction (Fig. 7) .
We note very brie¯y the different patterns of supramolecular aggregation in the analogues (IV)±(VII) (Delgado et al., 2005) . In (IV), which crystallizes with Z H = 2 in the space group P2 1 /n, the two independent molecules are linked by NÐ HÁ Á ÁO bonds into a dimer, as in (III), but these dimers are not isolated; instead they are linked by CÐHÁ Á Á%(arene) hydrogen bonds into sheets. Compound (V) is effectively isomorphous with (III) and the molecules form centrosymmetric dimers, which are linked into chains by a dipolar carbonyl±carbonyl interaction. No dimers formed by paired NÐHÁ Á ÁO hydrogen bonds are discernible in the structure of (VI); instead the molecules are linked into chains of rings by a combination of NÐHÁ Á ÁS and CÐHÁ Á ÁO hydrogen bonds. In (VII), the usual R 2 2 (8) dimers are formed and these are linked into chains of rings by CÐHÁ Á ÁS hydrogen bonds. Thus, within the extended series (I)±(VII), it is apparent that rather modest changes to the peripheral substituents can have a signi®cant in¯uence on the overall supramolecular aggregation.
Experimental
Equimolar quantities (1 mmol of each component) of 2-thioxothiazolidin-4-one and the appropriate substituted benzaldehyde were placed in open Pyrex glass vessels in the absence of any solvent and irradiated in a domestic microwave oven for 3 min (at 600 W); the reactions were monitored by thin-layer chromatography. The reaction mixtures were extracted with ethanol; after removal of this solvent, the products were recrystallized from dimethylformamide to give crystals suitable for single-crystal X-ray diffraction. 
Compound (I)
Crystal data For each of (I) and (II), the space group P2 1 /c was uniquely assigned from the systematic absences. Crystals of (III) are triclinic; the space group P1 was selected and con®rmed by the subsequent structure analysis. All H atoms were located in difference maps. H atoms bonded to C atoms were treated as riding atoms, with CÐH distances of 0.93 A Ê for (I) and (II), and 0.95 (aromatic) and 0.98 A Ê (methyl) for (III), and with U iso (H) values of 1.2U eq (C) or 1.5U eq (methyl C);H atoms bonded to N atoms were allowed to ride at the distances found from the difference maps [NÐH = 0.86±0.88 A Ê with U iso (H) = 1.2U eq (N)].
For all compounds, data collection: COLLECT (Hooft, 1999) ; cell re®nement: DENZO (Otwinowski & Minor, 1997) (Spek, 2003) ; software used to prepare material for publication: SHELXL97 and PRPKAPPA (Ferguson, 1999) . 
